In mammals changes in photoperiod regulate a diverse array of physiological and behavioural processes, an example of which in the Siberian hamster (Phodopus sungorus) is the expression of bouts of daily torpor following prolonged exposure to short photoperiod.
Introduction
Biological timing is an important requisite for an extraordinarily large number of behavioural and physiological processes. Such timing occurs in response to daily and seasonal alterations in the outputs of various clocks located centrally within the suprachiasmatic nucleus (SCN) of the hypothalamus and peripherally in many diverse tissues including the heart, gut and lung (6; 37) . Within the cardiovascular system changes in the output of the central and local circadian clocks may, by driving circadian changes in cardiac ion channel and metabolic gene expression (34; 36) , be in part responsible for the prevalence of tachyarrhythmias at particular times of day in the atria (night) and ventricle (early morning) (13; 33) . Over a much longer timescale i.e. seasonally, photoperiod induced changes in the output of the central and peripheral circadian clocks are also capable of causing marked alterations to cardiac physiology in certain species exemplified by the Siberian hamster (Phodopus sungorus).
In the Siberian hamster prolonged (approximately 12 weeks) exposure to short daylength results in a number of physiological alterations including weight loss, appearance of winter pelage, gonadal regression and ultimately the occurrence of bouts of daily torpor (12; 32) . During the torpor cycle the animals' body temperature drops spontaneously by approximately 20 o C thereby considerably reducing energy requirements during harsh winter conditions. Unlike those species where hibernation and torpor do not occur cardiac contractility is maintained at these low temperatures (5; 23) . In addition to exhibiting preserved cardiac contractility during exposure to low temperatures, the hearts of hibernating and torpid animals are also extremely resistant to the induction of ventricular tachyarrhythmias (10; 11) . This latter effect (resistance to ventricular fibrillation) is clearly an adaptive response as it occurs in torpid animals following exposure to short day-length whereas in summer (LD adapted) animals it is still possible to induce arrhythmias (10) . At the cellular level the sarcoplasmic reticulum (SR) is pivotal to determining both the inotropic (27; 29) and arrhythmogenic (8; 14) status of the heart. Ultrastructural studies have provided evidence that the amount of SR in the golden hamster (a hibernator) is greater than in the rat (a non-hibernator) and is increased still further during hibernation (28) .
Furthermore, the Ca 2+ uptake rate and the maximal Ca 2+ binding capacity of SR vesicles also changes with photoperiod and hibernation being higher in SD than LD acclimated animals and greater still in hibernating animals (4) . The enhanced Ca 2+ binding capacity of the hibernators SR may be the result of increased glycosylation of calsequestrin (CSQ) (24) .
Thus, available evidence suggests that re-programming of the cardiac SR is a key step in preparing the myocardium for the rigours of hibernation and low-temperature torpor. Indeed, an increase in SR Ca 2+ content has recently been measured in the hibernating woodchuck (Marmota monax), although these data were obtained following stimulation under nonphysiological conditions of temperature, stimulation rate and square voltage clamp pulses (35) .
Thus whilst altered SR function may be key to the adaptive responses of the heart to maintain contractility in hibernation, the increased SR Ca 2+ content does not support the concept of increased resistance to arrhythmias (8; 14) . However, the SR Ca 2+ release channel, the ryanodine receptor (RyR), also undergoes a series of biochemical and functional alterations in the hibernators heart including decreased Ca 2+ sensitivity (21) and greater RyR density (24) . Whilst these changes increase the sensitivity of contraction in the hibernators' heart to ryanodine (19) , their contribution to increased resistance to arrhythmias remains undetermined.
The purpose of the experiments described in the present study is to utilise an animal model that exhibits low-temperature torpor following prolonged exposure to short day-lengths 
Results
At the time of cell isolation none of the SD animals were acutely torpid. Furthermore, to the best of our knowledge none of the animals had exhibited bouts of torpor prior to the time of sacrifice. The data of Table 1 ] i and I NCX should be in equilibrium (7; 30) . The data of Figure 3D illustrates typical examples of this relationship and the mean data of Figure 3E demonstrates Figure 4A ) to the amplitude of the caffeine evoked Ca 2+ transient (b in Figure 4A ) (3) . Figure 4B summarises the mean data and shows that SR fractional release increases in SD animals (0.33±0.04 vs. Figure 4D summarises the mean data and shows that the SR-dependent rate of Ca 2+ removal increases from 9.2±0.4s -1 in LD animals to 12.4±1s -1 in SD animals (P<0.01)
indicating increased SERCA function in response to SD entrainment in the Siberian hamster.
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Discussion
The results of the present study demonstrate that, in a mammalian species that exhibits low temperature torpor, the Siberian hamster, there are marked alterations to cardiac excitation contraction coupling in normothermic animals in response to prolonged exposure to short day-lengths. The principal observations are; i) the amplitude of the systolic Ca removal is increased whilst no change in the rate of sarcolemmal Ca 2+ extrusion is detected.
We propose that in the SD-acclimated Siberian hamster the increased SR Ca 2+ content arises as a consequence of enhanced SR Ca 2+ uptake, which then facilitates the greater fractional release of Ca 2+ from the SR upon depolarisation and thus the larger systolic Ca 2+ transient.
The present results are consistent with earlier histological and biochemical studies demonstrating an increased SR density (28) and enhanced SR Ca 2+ uptake rate (4) and suggest that alterations in the function of the SR are paramount to the continued contractile performance of the myocardium of hibernating species during conditions when the hearts of non-hibernating species would cease to function (5; 18; 23).
Systolic Ca 2+ and Photic Entrainment
In the present study cardiac cellular Ca 2+ homeostasis was determined under conditions Figure 1C ) which decayed more quickly ( Figure 4C ). To our knowledge this is the first demonstration that photoperiod induces alterations in cardiac cellular Ca 2+ homeostasis in normothermic animals. It is possible that the discrepancy between our results, earlier observations of increased force production during hibernation (38) and those of Yatani et al (35) are a result of differences in temperature (32±2 o C) and stimulation rates (1Hz) used by Yatani et al. Indeed, our study failed to detect a difference in Ca 2+ transient amplitude when very slow (1Hz) stimulation frequencies were used ( Figure   1C ). Our finding of an increased Ca 2+ transient amplitude in response to short day-lengths is however, consistent with an earlier observation of increased force production in papillary muscles isolated from SD acclimated (non-hibernating) Asian chipmunks (20) and suggests that the alterations to cardiac excitation contraction coupling leading to increased force production during low temperature conditions (38) are present even before the animal enters the hibernating or torpid state.
Photoperiod, the Action Potential and Na

+ -Ca 2+ Exchange Function
In response to acclimation to short day-lengths over many weeks we find that there are no alterations to the action potential in the Siberian hamster ( Figures 2B, C & E) . The lack of change in the duration and shape of the action potential is important from at least two perspectives; i) the larger Ca 2+ transient observed in the SD animals cannot be explained by an increased action potential duration (17) and, ii) it is unlikely that there will be profound changes in Ca 2+ entry via I Ca-L as balancing alterations in repolarising K + currents would be required to maintain an identical action potential morphology, however, we cannot totally exclude this possibility from the data obtained in the present study. Finally, from an arrhythmogenic aspect, the lack of increase in action potential duration does not increase the Taken together these results do not implicate the Na + -Ca 2+ exchanger as a key element in the reduced sensitivity to ventricular tachyarrhythmias at low body temperatures.
Enhanced SR Ca 2+ Content and Ca 2+ Uptake in SD Acclimated Animals
The major determinant of the inotropic and lusitropic properties of the heart is the function of the SR. In the current study we find that both the Ca 2+ content of the SR ( Figures   3A-C) and the SR-dependent rate of Ca 2+ removal from the cytosol ( Figure 4D ) are increased in the SD-acclimated animal. A similar increase in SR Ca 2+ content has very recently been reported in the hibernating woodchuck (35) , although no data regarding SR Ca 2+ uptake rate was provided. Possible explanations for the increased SR dependent rate of Ca 2+ uptake and thus the enhanced SR Ca 2+ content include changes in the relationship between SERCA and its inhibitory peptide phospholamban such that either phospholamban is more phosphorylated or, the ratio of SERCA to phospholamban is increased. Indeed biochemical studies support this latter hypothesis in the hibernating animal (35) If we assume that in the hamster the relationship between the amplitude of the systolic Ca 2+ transient and SR Ca 2+ content is the same as we have previously reported for the rat and ferret (7; 29) then the increase in SR Ca 2+ content between the LD and SD animals at a given Figures 4A-B) and that this occurs independently of any change in action potential duration or morphology. Thus we would suggest that changes in SERCA function are responsible for the enhanced excitation contraction coupling observed in the Siberian hamster in response to acclimation to short day-lengths.
Study Limitations
In the present study we have not directly addressed the molecular mechanisms 
